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For most scientists, researchers, and resource professionals, the act of 
communicating their science is not the focus of their training or practice.  While the 
importance of sharing information with the general public is widely accepted, many 
professionals have not been taught how to communicate with the public.  They rely on 
trial and error and other methods that often lead to misunderstanding and 
miscommunication.  Science communication is a necessary step to keep society engaged 
and informed about science and the scientific process, and a lack of science 
communication to the public leads to misinformation, and ultimately a lack of trust in 
scientists. 
This study proposes the use of the Elaboration Likelihood Model (ELM) as a 
method to teach science communication.  A training session was created based on the 
ELM and presented to the Nebraska Water Leaders Academy.  Messages communicating 
science were collected at this training session and analyzed to determine if the ELM is an 
effective model to improve science communication.  This study found that science 
communication is best analyzed on a person-by-person basis.  While the ELM is helpful 
 in teaching science communication, many other factors including previous knowledge 
and training may influence the results. 
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CHAPTER 1 – INTRODUCTION 
Background 
At its core, communicating science involves providing scientific information to a 
public that has various levels of understanding.  Science communication has been defined 
in various ways: “sharing science with non-experts” (Rakedzon et al., 2017, p. 2), 
“communicating science to non-technical publics” (Sharon & Baram-Tsabari, 2014, p. 
528), and ultimately providing people with the information they need in an 
understandable way in order to make decisions and possibly promote behavior change (de 
Bruin & Bostrom, 2013).  Science communication has been practiced formally and 
informally for as long as science itself has been practiced, and has been studied formally 
for almost 100 years (Logan, 2001).  
Even so, for most scientists, researchers, and resource professionals, the act of 
communicating their science is not the focus of their training or practice.  While the 
importance of sharing information with the general public is widely accepted, many 
professionals have not been taught how to communicate with the public.  They rely on 
trial and error and other methods that often lead to misunderstanding and 
miscommunication (Bankston & McDowell, 2018). 
Science communication is a necessary step to keep society engaged and informed 
about science and the scientific process (Bankston & McDowell, 2018).  As scientists 
address long-term issues such as climate change and the associated threats to 
conservation and biodiversity in new and innovative ways, informing the public and 
garnering large-scale support through communication will be paramount to the success of 
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these projects (Monto & Malhotra, 2011).  A lack of science communication to the public 
leads to misinformation, and ultimately a lack of trust in scientists (Bankston & 
McDowell, 2018). 
Various methods and models have been introduced to address challenges to 
science communication.  Communication experts suggest addressing jargon and science 
literacy before applying frames to a message to make it more meaningful to the recipient 
(Sharon & Baram-Tsabari, 2013, Nisbet & Mooney, 2007).  These methods of improving 
communication are useful and can be applied in various settings.  However, knowing 
exactly how to address jargon, science literacy, and framing requires training of its own. 
This study seeks to consolidate suggestions for improving science communication into a 
single model that can be applied to a wide range of topics and circumstances.  
The Elaboration Likelihood Model, or ELM, was developed in the field of 
psychology in 1981 to describe how persuasive communication occurs.  The ELM has 
been applied in various fields since its introduction in the hopes of improving 
communication with the public in order to change behaviors and attitudes.  The ELM is 
applicable to science communication because it considers characteristics of the message, 
the recipient, and the sender in order to improve communication. 
Statement of the Problem 
More often than not scientists, researchers, and resource professionals have 
received no formal communication training (Bankston & McDowell, 2018).  While they 
may be experts in their field, this gap in communication knowledge and experience 
creates an ‘expert blind spot’ that can hinder their communication with the public. 
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Experts feel that no one is listening to their research and therefore no one cares, and the 
general public begins to characterize scientists as condescending, patronizing, and 
unreachable (Wiggins & McTughe, 2005).  In order to face large-scale problems such as 
climate change and rapid population growth, experts need to be able to communicate with 
the public in a way that is effective, persuasive, and creates a space for change to occur. 
How are experts supposed to do this when they have never been taught?  Some people are 
natural communicators, but even they can benefit from explicit training.  This is 
especially important when communicating to a public that does not want to change their 
attitudes and behaviors.  
Purpose Statement 
The purpose of this project is to test a method of improving written science 
communication.  The ELM provides a general framework for organizing, categorizing, 
and understanding the basic processes underlying the effectiveness of persuasive 
communications.  By applying this model to the field of science communication, this 
project aims to provide a framework for scientists to improve their written 
communication with the public.  In this study, the ELM will be applied to a training 
session taught at the Nebraska Water Leaders Academy on written science 
communication and the pre-training and post-training messages will be analyzed to 
determine if the communication improved through the use of the ELM.  The ELM has 
been extensively tested in the fields of health care, psychology, digital analytics, and 
communication.  In recent years, this model has been applied to various scientific topics, 
including agricultural communication and interpretation and education at zoos and nature 
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preserves.  This project seeks to expand the existing literature to consider science 
communication in the written form while providing a framework to scientists and other 
resource professionals.  
Research Questions 
The research question that guided this quantitative study was: Is the Elaboration 
Likelihood Model an effective model to train scientists and resource professionals to 
communicate science more effectively and persuasively in a written form?  This research 
question is tested in the context of an ELM-based writing training in the area of water 
management. 
Significance of this Study 
Ultimately, this study aims to identify an effective method of training 
non-professional communicators to share important messages about science with their 
public.  This study provides recommendations to the Nebraska Water Leaders Academy 
(Academy) participants to better communicate messages about water in Nebraska. 
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CHAPTER 2 – REVIEW OF THE LITERATURE 
Background of the Elaboration Likelihood Model 
The Elaboration Likelihood Model (ELM) was first introduced by Petty and 
Cacioppo in 1981 in their book ​Attitudes and Persuasion: Classic and Contemporary 
Approaches​.  They developed this theory in an effort to address irregularities and 
questions in attitude and behavior change research in the 1960’s and 1970’s (Petty & 
Cacioppo, 1986).  In this context, attitude is defined as “a general and enduring positive 
or negative feeling about some person, object, or issue” (Morris, Woo, & Singh, 2005, p. 
80) and “people’s general predispositions to evaluate other people, objects, and issues 
favorably or unfavorably” (Petty, Brinol, & Priester, 2009, p. 127).  Overall, at this time 
attitude was generally defined as evaluative reactions to stimuli (Prister et al., 1999) 
Prior to the ELM, most theories of attitude change could be grouped into seven 
major approaches: 1) conditioning and modelling approaches that focus on the direct 
effects of rewards and punishments, 2) the message-learning approach that focuses on an 
individual’s attention to, understanding and acceptance of a persuasive message, 3) 
judgement approaches that focus on past experiences’ impacts on attitudinal judgements, 
4) motivational approaches that examine the relationship between human motives and 
attitudinal changes, 5) attributional approaches that focus on the relationship between 
inferences about self or others and attitudinal changes, 6) combinatory approaches that 
focus on the integration of information into an overall attitude, and 7) self-persuasion 
approaches that focus on self-generated information in the presence or absence of a 
persuasive message (Morris, Woo, & Singh, 2005).  With the ELM, Petty and Cacioppo 
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(1986) sought to simplify attitude-change research and provide an overarching model. 
The ELM considers how the classic source, message, recipient, and contextual constructs 
influence persuasion through attitudes (Petty & Wegener, 1999).  Petty and Cacioppo 
expanded on the ELM from 1981 to 1986, addressing different factors within the model 
and testing their theories.  In 1986, Petty and Cacioppo published their completed 
Elaboration Likelihood Model of Persuasion, a culmination of their work up to that point. 
According to the seminal Petty and Cacioppo (1986) publication, the ELM 
“provides a fairly general framework for organizing, categorizing, and understanding the 
basic processes underlying the effectiveness of persuasive communications” (Petty & 
Cacioppo, 1986, p. 125).  In this sense, elaboration is defined as topic-related thinking 
that message recipients undertake while processing a message (O’Keefe, 2013). 
Elaboration is viewed as a continuum from low to high, or incomplete to complete. 
Recipients are considered to have low elaboration when no thought is given about the 
argument present and high or complete elaboration when every argument is considered 
and then integrated into the recipient’s attitudes (Petty & Cacioppo, 1986).  
The primary purpose of creating the ELM was to clarify how 
communication-induced attitude change occurs.  Petty and Cacioppo (1986) suggested 
that persuasion falls into two categories, the central route and the peripheral route.  The 
central route is persuasion that “likely resulted from a person’s careful and thoughtful 
consideration of the true merits of the information presented in support of an advocacy” 
(p. 125).  The central route coincides with high elaboration in message recipients 
(O’Keefe, 2013).  It is widely accepted that attitude changes as a result of the central 
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route to persuasion are more long-lasting and resistant to change.  This is because 
individuals have taken significant effort to form those attitudes and integrate them with 
their preexisting belief system (Lazard & Atkinson, 2015).  Persuasion through the 
central route is effective because the recipient uses prior experience and knowledge to 
evaluate the arguments presented in the message (Marion & Reid, 2007).  However, this 
means that in order for the central route to be possible, the message must have high 
relevance to the recipient, and that the recipient must have the motivation and ability to 
process the information included in the argument (Morris, Woo, & Singh, 2005). 
Therefore, in order to increase elaboration and encourage recipients to take the central 
route, constructs that increase the likelihood of individual motivation and ability to 
engage with the information should be included in the message (Petty, Cacioppo, & 
Goldman, 1981).  This means that message content including text, words, and written 
material used in the message are particularly important (Morris, Woo, & Singh, 2005).  
The peripheral route was more likely to occur “as a result of some simple cue in 
the persuasion context that induced change without necessitating scrutiny of the true 
merits of the information presented” (Petty & Cacioppo, 1986, p. 125).   The peripheral 
route coincides with low elaboration and occurs when the message has little to no 
relevance to the recipient (Morris, Woo, & Singh, 2005; Petty et al. 2009).  It could also 
occur when the recipient has a low ability to process the message.  These factors suggest 
that attitude changes formed by way of the peripheral route are less enduring and less 
likely to hold when questioned (Lazard & Atkinson, 2015; Petty et al., 2009).  When the 
message recipient uses the peripheral route, it often occurs because heuristic principles or 
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simple decision rules are used rather than elaboration (O’Keefe, 2013).  The central and 
peripheral routes to persuasion are exhibited in Figure 1. 
 
Figure 1​. Central and peripheral routes to persuasion (Petty & Cacioppo, 1986) 
To summarize the ELM, Petty and Cacioppo (1986) introduced seven postulates, 
as follows:  
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1. People are motivated to hold correct attitudes. 
2. Although people want to hold correct attitudes, the amount and nature of 
issue-relevant elaboration in which people are willing or able to engage to 
evaluate a message vary with individual and situational factors. 
3.  Constructs can affect the amount and direction of attitude change by: (A) 
serving as persuasive arguments, (B) serving as peripheral cues, and/or (C) 
affecting the extent or direction of issue and argument elaboration. 
4. Affecting motivation and/or ability to process a message in a relatively 
objective manner can do so by either enhancing or reducing argument 
scrutiny. 
5. As motivation and/or ability to process arguments is decreased, peripheral 
cues become relatively more important determinants of persuasion. 
Conversely, as argument scrutiny is increased, peripheral cues become 
relatively less important determinants of persuasion. 
6. Constructs that affect message processing in a relatively biased manner can 
produce either a positive (favorable) or negative (unfavorable) motivational 
and/or ability bias to the issue-relevant thoughts attempted. 
7. Attitude changes that result mostly from processing issue-relevant arguments 
(central route) will show greater temporal persistence, greater prediction of 
behavior, and greater resistance to counter persuasion than attitude changes 
that result mostly from peripheral cues. 
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These postulates are based on assumptions explained further by Petty and 
Cacioppo (1986) and defended by Petty and Wegener (1999).  While these postulates 
may not apply in all circumstances, they are generally accepted as factors that support the 
understanding and use of the ELM. 
Evaluating the effectiveness of persuasive communications can be a nebulous 
concept.  Petty and Wegener clarified this thought in 1999, stating that “The ELM is a 
theory about the processes underlying changes in judgements of objects, the constructs 
that induce these processes, and the strength of the judgements resulting from these 
processes” (Petty & Wegener, 1999, p. 42).  Overall, the ELM suggests that attitude 
change is mostly reached through cognition rather than emotion (Morris, Woo, & Singh, 
2005).  It is important to note that the characteristics and level of persuasion differ 
between recipients and that constructs may play different roles in persuasion depending 
on the source of the message and the recipient (O’Keefe, 2013). 
Critiques of the Elaboration Likelihood Model 
As persuasion and attitude change can be indefinite concepts, several researchers 
have questioned different aspects of the ELM.  Petty addresses a few common critiques 
in 1999 in conjunction with Wegener.  According to Petty and Wegener, one of the most 
commonly criticized elements of the ELM is found in the elaboration continuum. 
Viewing elaboration as a continuum from low to high suggests that higher elaboration 
makes the recipient more likely to change their attitude, and yet attitude changes can 
occur from both low elaboration and high elaboration.  Many factors are involved in 
attitude change, and many more factors influence the longevity of that attitude change 
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(Petty & Wegener, 1999).  The individual characteristics of the recipient, as well as their 
motivation to elaborate at that specific time, greatly influence attitude change and are 
therefore difficult to study in a precise manner. 
The idea that individual constructs can have multiple roles along the elaboration 
continuum has also been challenged.  Almost as a mirror to the irregularities of attitude 
change research in the 1960’s and 1970’s,  critics of the ELM question how the core 
persuasion constructs (source, message, recipient, and contextual) can serve as 
arguments, serve as cues, determine the extent of elaboration, and produce a bias in 
elaboration within the same message.  Essentially, Petty and Wegener (1999) suggest that 
“variables serve as cues at the low end of the elaboration continuum” (p. 51) and 
“variables serve as arguments or bias information processing at the high end of the 
elaboration continuum” (p. 51).  In the end, the ELM returns to the concept that the 
characteristics of the message recipient greatly influence how the message is received and 
elaborated on, as well as how each construct (source, message, recipient, and contextual) 
act within a message (Petty & Wegener, 1999). 
Morris, Woo, and Singh (2005) criticize the ELM for removing affect or feelings 
from the attitude change process.  The central route considers message content including 
text, words, and written material, while the peripheral route considers message cues 
including color use and other visuals.  This suggests that affect is only associated with the 
peripheral route, which is said to be taken when the message has little to no relevance to 
the receiver.  Morris, Woo, and Singh criticize the ELM for removing affect from the 
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central route and therefore from messages that have high relevance to the receiver 
(Morris, Woo, & Singh, 2005). 
In the field of advertising design and implementation, practitioners and academics 
caution against using the ELM a priori, suggesting rather that it was created for post hoc 
analysis and using it before launching campaigns may place those campaigns in a 1980’s 
lens since that’s when the model was introduced (Kitchen & Kerr, 2014).  Overall, critics 
suggest the ELM be used as the extensive literature suggests and with consideration to 
the specific factors and constructs involved in the study at hand. 
While the ELM at its core is based on attitude change research, this study 
recognizes that written communication is more likely to increase knowledge without 
resulting in long-lasting behavior change.  True attitude or behavioral change involves 
knowledge of issues, knowledge of action strategies, locus of control, attitudes, verbal 
commitment, and an individual sense of responsibility (Kollmuss & Agyeman, 2010). 
Applications of the Elaboration Likelihood Model  
Historically, the ELM has been applied in the fields of healthcare, advertising and 
marketing, e-commerce, digital media, and information technology, and science.  The 
following section provides a brief overview of these fields and include how the ELM is 
used, tested, and applied. 
The Elaboration Likelihood Model in healthcare.​  In the field of healthcare, the 
ELM has been introduced as a “framework for interpreting and predicting the impact that 
health communications have on subsequent attitudes and behavior” (Petty, Barden, & 
Wheeler 2009, p. 22).  The ELM is particularly useful in healthcare because the issues are 
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often highly relevant to the message recipients, encouraging them to practice high 
elaboration and take the central route.  Angst and Agarwal (2009) demonstrate this with 
their study.  They used the ELM to increase enrollment in electronic health records even 
when privacy concerns were present.  They stated that “even when people have high 
concerns for privacy, their attitudes can be positively altered with appropriate message 
framing” (Angst & Agarwal, 2009, p. 339).  By using issue involvement and argument 
framing tactics outlined in the ELM, Angst and Agarwal were able to address the 
concerns message recipients had, increase elaboration of the message, and ultimately 
increase volunteer enrollment in electronic health record programs.  
The Elaboration Likelihood Model in advertising and marketing.  ​The 
elaboration likelihood model can be effectively applied to advertising and marketing 
because the ultimate goal is to change the consumer’s attitude in order to change their 
behavior.  Scholars have seen the potential in this field and more than 125 articles and 
chapters about the ELM have been published in advertising and marketing literature since 
1981 (Kitchen & Kerr, 2014).  Overall, the effectiveness of advertising is believed to be 
moderated by audience involvement (Greenwald & Leavitt, 1984).  While not exhaustive, 
the publications described below provide a brief overview of the applications of the ELM 
in this field. 
Greenwald and Leavitt conducted a study in 1984 to determine the four levels of 
audience involvement in advertising.  These levels from low to high are preattention, 
focal attention, comprehension, and elaboration.  The use of elaboration in this sense is 
based on the ELM, stating that the message recipient not only receives the message but 
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also thinks extensively about the message content.  This can be particularly useful in 
advertising and marketing because elaboration “results in increasingly durable cognitive 
and attitudinal effects” (Greenwald & Leavitt, 1984, p. 581).  Whatever product is being 
sold or behavior change is being promoted, by reaching audiences at the highest level of 
involvement companies can improve the longevity of their message and the related 
attitudinal change.  
In 1986 Moore, Hausknecht, and Thamodaran conducted a study that considered 
time compression in advertisements.  Time compressed ads “increase the speed of 
audiovisual messages without altering voice pitch” (Moore, Hausknecht, & Thamodaran, 
1986, p. 85).  This is done by companies to save money and include more information in 
a smaller amount of time.  The ELM suggests that time compression would not be a 
useful tool for advertisements because it reduces attention to individual components of 
the ad, making elaboration more difficult.  Time compressed ads often utilize the 
peripheral route to inform and persuade the audience and rely heavily on non-content 
cues.  Ultimately, time compression is not a useful tool to encourage longevity in attitude 
and behavior change (Moore, Hausknecht, & Thamodaran, 1986)..  
The Elaboration Likelihood Model in digital media and information 
technology.  ​Applications of the ELM in digital media and information technology can 
appear very similar to applications in advertising and marketing.  However, having a 
solely online platform can change the way information is presented.  Another factor to 
consider is that digital media and information technology aren’t always focused on the 
audience as a consumer.  Information can be presented with the purpose to inform and 
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persuade without necessarily being tied to a purchase.  The following examples exhibit 
applications of the ELM in this wide field.  
Petty, Brinol, and Priester (2009) suggest the ELM can be applied as “a general 
framework that can be used to understand the processes responsible for mass media 
attitude change” (p. 125).  The purpose of mass media communications created by 
companies is often to change people’s attitudes and influence their behavior (Petty, 
Brinol, & Priester, 2009).  Therefore, the ELM can be applied to almost all digital media 
to analyze current methods and increase effectiveness in the future. 
Battacherjee and Sanford (2006) suggest the ELM be used in information 
technology research for similar reasons as Petty, Brinol, and Priester (2009).  Their study 
used the ELM to understand influence processes in information technology acceptance in 
companies and how those factors influenced potential users. 
In 1999, Priester et al. conducted a study examining the sleeper effect in digital 
media.  In most cases, audiences are more persuaded right after receiving a message and 
that level of persuasion and the subsequent attitude change decays over time.  When the 
sleeper effect occurs, the persuasive impact of a message increases over time rather than 
decaying.  Priester et al. (1999) argue that the ELM can support the sleeper effect because 
the ELM suggests that a long time attitude change is more likely to occur when the 
recipient has been motivated to consider the content of the message more deeply. 
Therefore, the longer the recipient elaborates on the message, the stronger their attitude 
will become.  The sleeper effect can occur in various digital media and information 
technology examples, but is more common when the persuasive message has a high 
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initial impact or when a message that was initially distrusted becomes widespread (for 
example, when content in speeches given by politicians becomes mainstream ideas that 
are no longer associated with that politician).  The sleeper effect is important to consider 
when evaluating persuasive messages because the true results of the study might not be 
apparent until weeks or months later. 
Finally, Geddes and the Interaction Design Foundation (2016) make suggestions 
for effective website design based on the ELM.  They suggest appealing to users via both 
central and peripheral processing routes on web pages and other digital media in order to 
engage a larger number of users.  Geddes states “If the message succeeds in persuading 
them (such as an effective web page that engages and informs), these users will follow 
through with a call to action.  Their behavior will be more enduring and less likely to be 
changed.  However, they may change again if they process another convincing 
argument”.  ELM components that are useful for website design include focusing on 
content, functionalities, and shorter sections of text, and including links to additional 
information and videos in order to appeal to all users (Geddes, 2016). 
The Elaboration Likelihood Model in science communication.  ​The 
elaboration likelihood model has been applied in various ways in the field of science 
communication.  The following is a brief overview of the applications most relevant to 
this study. 
Arp (2018) used the ELM as a theoretical foundation to study the relationship 
between preexisting values regarding genetically modified organisms (GMOs) and how 
those attitudes influence potential attitude changes.  Arp found that “attitude accessibility, 
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agricultural identity, and in some cases biospheric value orientation were the most 
important predictors for a number of constructs related to GMO attitudes” (p. viii).  In 
this study, the ELM was used as a model to determine which factors were most useful in 
changing attitudes based on existing values. 
Brossard, Lewenstein, and Bonney (2005) used the ELM as a framework to 
analyze the impact of The Birdhouse Network, a citizen science project, on participants’ 
attitudes towards science and the environment.  Their study found no significant change 
in participants’ attitudes towards science and the environment and suggest that citizen 
science projects must be explicit about the environmental issues the participants are 
experiencing in order to encourage any attitude or behavior change.  
The ELM is also useful to evaluate interpretation at zoos and other 
conservation-oriented sites.  MacDonald, Milfont, and Gavin (2016) conducted a study at 
the Wellington Zoo in New Zealand to determine if training animal interpreters in ELM 
methods of communication would increase visitor satisfaction.  They stated that “a 
two-phase ELM training program, which instructed staff in techniques to increase 
cognitive processing to visitors, led to increased visitor satisfaction after one training 
program and increased relevance and elaboration after a second training session” (p. 
866).  Their study employed a very similar experimental design to our own. 
Marion and Reid (2007) used the ELM to determine the efficacy of low impact 
education programs focusing on minimizing visitor impacts to protected areas.  Low 
impact education programs studied include Leave No Trace, Codes of Conduct, and 
Environmental Guidelines for Tourists.  They focused on the central and peripheral 
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routes of persuasion and stated that “protected area managers frequently base educational 
messages on the central route to persuasion, which relied on visitor attention, 
consideration, and internalization of the message” (p. 11).  The central route is 
particularly useful to persuade visitors in protected areas because the issue is already 
relevant to the audience, making it more likely that they will elaborate on the message. 
Kim, Airey, and Szivas (2010) conducted a similar study at the Lulworth coastal 
area in England.  They surveyed visitors with the purpose of identifying the strengths and 
weaknesses of site-based interpretation on influencing attitudes and behaviors.  They 
used the ELM to understand the “complex relationships among various factors that lead 
to different outcomes of interpretive programs” (p. 2) and based the constructs  used in 
their study on the components of the central and peripheral route.  They concluded that 
the results of interpretation are tied to many different factors and individual visitors can 
have very different responses, as the ELM suggests. 
Lazard and Atkinson (2015) focused on the use of environmental infographics in 
communication that seeks to promote pro-environmental behaviors.  The ELM was used 
as a theoretical framework to analyze persuasive messages.  While the ELM traditionally 
considers visual elements as part of the peripheral route, Lazard and Atkinson found that 
“visual cues can and are processed as central elements of the message” (p. 27), especially 
when images and text are used in conjunction.  Ultimately, this study suggests that 
infographics and other visual methods of communication can be effectively used to 
promote pro-environmental behaviors.  
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Finally, Winter and Kramer (2012) consider the ELM in terms of digital science 
communication.  They tested whether the principles of the ELM can be effectively 
applied to science-based blog posts.  Based on the ELM, they tested author credibility 
and content to “predict whether better-quality arguments and individuals’ need for 
cognition affected their content selections” (p. 80).  They found that audiences generally 
preferred content from authors with greater perceived expertise that included 2-sided 
messages. 
Studies in many fields have been based on the ELM since it was introduced in 
1981.  As such, the above represent a small sampling of the available literature with the 
intention of demonstrating the breadth of applications this model has. 
Theoretical Framework 
The theoretical framework of this study was based on the ELM as conceptualized 
by Angst and Agarwal (2009).  This study was selected as a basis because the researcher 
considered similar aspects of the ELM and tested those aspects in a similar way. 
Relationships between hypotheses are depicted in Figure 2. 
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Figure 2. Theoretical framework. 
Hypotheses 
Hypotheses for this study were developed based on the literature presented above, 
and specifically Angst and Agarwal (2009) and MacDonald, Milfont, and Gavin (2016). 
These two studies in particular formed the basis of this study’s experimental design 
because they tested similar components of the ELM through the use of a questionnaire 
and ultimately examined the influence of messages on attitudes and behaviors of the 
general public.  Hypotheses for this study are summarized below: 
H1: The post-training argument quality will be rated significantly higher than the 
pre-training argument quality. 
H2: The post-training source credibility will be rated significantly higher than the 
pre-training source credibility. 
H3: The post-training number of arguments will be rated significantly higher than 
the pre-training number of arguments. 
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H4: The post-training compelling arguments will be rated significantly higher 
than the pre-training compelling arguments. 
H5: The post-training factual message will be rated significantly higher than the 
pre-training factual message. 
H6: The post-training relatable message will be rated significantly higher than the 
pre-training relatable message. 
H7: The post-training self-referencing will be rated significantly higher than the 
pre-training self-referencing. 
The above hypotheses represent selected constructs of the ELM.  Through the 
testing of these constructs, this study will extrapolate that increases in each individual 
factor of the ELM included in the training session would indicate that the ELM provides 
an effective model for written science communication. 
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CHAPTER 3 – METHODS  
Overview 
Both quantitative and qualitative methods have been used to test the persuasive 
effectiveness of messages that use the Elaboration Likelihood Model (ELM).  This study 
employed a quantitative design so the messages being tested could be empirically rated 
and the individual factors of the ELM that were relevant to this study could be 
statistically evaluated. 
As part of their program, fourteen 2019 Nebraska Water Leaders Academy 
(Academy) participants generated pre- and post-training messages about one of the 
following assigned topics. 
Topic 1: Increasing stream flow 
Topic 2: Groundwater quality as a result of agricultural practices 
Topic 3: Building new infrastructure (e.g. dams and levees) for urban flood 
management 
These topics were selected because they are related to water in Nebraska and were 
covered in the prior coursework of the Academy.  Selecting topics that were covered in 
the coursework ensured all participants were familiar enough with the topic to write 
persuasive messages without the need for extensive research. 
The Academy is a “year-long program to learn the principles of first-rate 
leadership and about the vital role of rivers, streams, and aquifers in Nebraska” 
(Nebraska State Irrigation Association, 2020).  The Academy began in 2011 and has 
graduated 138 participants through nine classes.  The Academy meets six times a year in 
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locations across the state, providing experiences and information about the various water 
resources in Nebraska.  The Academy was a fitting partnership for this study because the 
participants are experts in their field and frequently communicate with the public, but 
generally are not trained communicators. 
Before the session began, Academy participants were asked to rank the topics 
from what they were most interested in writing about to what they were least interested in 
writing about.  The topics were assigned following those preferences as closely as 
possible.  An even number of participants were assigned to each topic, but participants 
were given an opportunity to write about a topic they were familiar with and that was 
relevant to them. 
During the session participants were given fifteen minutes to write a persuasive 
message about their assigned topic.  Their messages then were collected and participants 
attended a twenty-minute training session based on the ELM framework (Angst & 
Agarwal, 2009) to improve written science communication.  Directly following the 
training session, the Academy participants were given fifteen minutes to write another 
persuasive message about the same topic using the methods taught in the training.  Notes 
for the training session can be found in Appendix E. 
Following the training session, a Qualtrics web survey was created in which 
respondents would rate each of the writing examples on multiple ELM concepts 
including the persuasiveness of the message based on argument quality, source 
credibility, number of arguments, compelling arguments, factual messages, and relatable 
message.  The survey also asked respondents how familiar they were with the topic in the 
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message and how relatable the topic was to their daily life.  Each respondent was 
randomly assigned four messages in total to rate, two pre-training messages and two 
post-training messages.  Message assignment was meant to ensure that all messages 
created by the Academy participants were rated the same number of times and that raters 
received messages with different topics and from different authors. 
Data Collection and Analysis 
Message ratings using the Qualtrics survey were collected through Amazon’s 
Mechanical Turk, or MTurk.  MTurk began in 2005 as a crowdsourcing tool to complete 
labor intensive digital tasks and has expanded to become a pool of subjects for 
experimental research (Paolacci et al., 2010).  Advantages of using MTurk to gather data 
for behavioral research include “easy access to a large, stable, and diverse subject pool, 
the low cost of doing experiments, and faster iteration between developing theory and 
executing experiments” (Mason & Suri, 2012, p. 1).  Nguyen et al. (2019) suggest using 
MTurk for ELM research because it “allows cost-effective sampling of subjects who are 
fitting for a study using ELM, as the subjects are expected to have low motivation in the 
context of the simulation task” (Nguyen et al., 2019, p. 4).  For a more in-depth review of 
MTurk’s demographic characteristics and main features and services, see Paolacci et al. 
(2010).  Ultimately, MTurk was selected for this study to be used as a research tool rather 
than a population representation. 
MTurk raters were shown the following description of the project: “​Follow an 
external survey link to rate messages on science communication. This survey will be used 
as part of a master’s thesis research. At the end of the survey you will receive a code to 
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paste into the box below to receive credit for taking our survey.”  They were then 
provided with a link to the Qualtrics survey.  The full survey can be found in Appendix 
C.  
Statistical Analysis 
All statistical analyses were conducted using SPSS.  This included independent 
sample t tests and Krippendorff’s alpha.  The statistical analysis used in this study are 
discussed further in Chapter 4. 
Survey Instrument Design 
This study used Angst and Agarwal (2009) as a basis for designing the survey 
instrument.  The purpose of Angst and Agarwal’s study was to “determine if individuals 
can be persuaded to change their attitudes and opt-in behavioral intentions toward EHRs 
(electronic health records), and allow their medical information to be digitized even in the 
presence of significant privacy concerns” (p. 339). Their instrument was based on the 
ELM and current literature about privacy.  Angst and Agarwal included issue 
involvement, multidimensional issue involvement, argument quality, source credibility, 
factual messages, number of messages, prior knowledge, message repetition, media type, 
and distractions in their instrument.  The results of their study state that their instrument 
is both valid and reliable, making it an effective basis for this study. 
The ELM includes many factors and can be tested through several methods in 
multiple circumstances.  The following constructs were selected to test the effectiveness 
of the created messages.  Other constructs were not considered because they did not 
apply to this study (e.g., some focus on communication that is not written, some focus on 
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attitude change over a longer period of time, and others focus on message recipients that 
are highly involved in the topic being addressed).  This study analyzed argument quality, 
source credibility, number of arguments, compelling arguments, factual messages, and 
relatable messages.  The following is an overview of each individual construct.  For a 
more in-depth description of how each construct was tested and example items, see the 
questionnaire in Appendix C. 
Argument quality.​  Angst and Agarwal (2009) suggest that “argument quality 
positively influences perceived usefulness of information” (p. 344).  They reference 
Bhattacherjee and Sanford (2006) and Sussman and Siegal (2003) as support for this 
construct.  Bhattacherjee and Sanford (2006) define argument quality as “the persuasive 
strength of arguments embedded in an informational message” (p. 811).  Sussman and 
Siegal (2003) state that “the ELM identifies argument quality as the critical determinant 
of information influence under conditions of high elaboration likelihood” (p. 8).  The 
literature as a whole suggests that improving argument quality will lead to improved 
persuasive communication.  
Four variables were created to analyze argument quality: informative, helpful, 
valuable, and persuasive.  These variables were scaled by finding the mean score, with a 
range of potential values from zero to four.  
Source credibility.​  Angst and Agarwal (2009) state that “source credibility 
positively influences perceived usefulness of information” (p. 344).  In cases of low 
motivation, perceived source expertise acts as a simple acceptance or rejection cue. 
Bhattacherjee and Sanford (2006) define source credibility as “the extent to which an 
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information source is perceived to be believable, competent, and trustworthy by 
information recipients” (p. 811).  Source credibility is a peripheral cue and “refers to a 
message recipient’s perception of the credibility of the message source, reflecting nothing 
about the message itself” (Sussman & Siegal, 2003, p. 9).  The impact of source 
credibility depends on the involvement of the recipient.  When the recipient is highly 
involved in the message topic, source credibility has little impact on attitude change. 
When the recipient is not involved in the topic, source credibility has a greater impact on 
attitude change (Sussman & Siegal, 2003).  
Four variables were created to analyze source credibility: knowledgeable, 
trustworthy, credible, and expert.  These variables were scaled by finding the mean score, 
with a range of potential values from zero to four.  
Number of arguments.​  Angst and Agarwal (2009) suggest that in cases of low 
involvement, “people agreed with messages more when more arguments were presented” 
(p. 345).  Haugtvedt and Petty (1992) categorize number of arguments as a peripheral cue 
because the message recipient isn’t necessarily considering the content of the message 
itself, but are looking at external factors including length and the number of arguments 
the recipient can remember.  In their 1984 article, Petty and Cacioppo state: “when the 
conditions in a persuasion setting suppress the elaboration likelihood, then the number of 
arguments for a recommendation can serve as a simple cue” (p. 674). 
One variable was created to analyze the number of arguments.  The range of 
potential values was zero to four. 
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Compelling arguments​.  Angst and Agarwal (2009) state that in cases of high 
involvement, “more arguments led to more persuasion when the arguments were 
compelling, but to less persuasion when the arguments were specious” (p. 345).  They 
reference Haugtvedt and Petty (1992) and Petty and Cacioppo (1984) as support for this 
construct.  In contrast to the number of arguments, these studies suggest that in cases of 
high involvement, if the arguments are not compelling the message may lead to lower 
elaboration and persuasion. 
Three variables were created to analyze compelling arguments: compelling, 
convincing, and engaging.  These variables were scaled by finding the mean score, with a 
range of potential values from zero to four.  
Factual message​.  Angst and Agarwal (2009) suggest that “factual messages are 
more believable and more persuasive, particularly for high involvement people” (p. 345). 
This statement is supported by Ford et al. (1990) and Puto and Wells (1984). 
Three variables were created to analyze factual message: accurate, credible, and 
valid.  These variables were scaled by finding the mean score, with a range of potential 
values from zero to four.  
Relatable message.​  Angst and Agarwal (2009) state that “elaboration on 
information is greater when people can relate the information to themselves and to their 
own experience” (p. 344).  Studies by Petty and Cacioppo (1980) and Meyers-Levy 
(1991) support the use of this construct in an ELM study.  
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Three variables were created to analyze relatable message: relatable, personally 
identify with the information, and personally connect with the ideas.  These variables 
were scaled by finding the mean score, with a range of potential values from zero to four.  
Self-referencing.  ​Angst and Agarwal (2009) state that “when motivation is low, 
self-referencing has no effect on elaboration or persuasion” (p. 344).  Self-referencing is 
defined as “the processing of information by relating it to the self-structure or aspects of 
it” (Burnkrant & Unnava, 1995, p. 17).  Studies by Petty and Cacioppo (1980) and 
Meyers-Levy (1991) support the use of this construct in an ELM study.  
Two variables were created to analyze self-referencing: reflection on yourself and 
your experiences and reflection on your community.  These variables were scaled by 
finding the mean score, with a range of potential values from zero to four.  
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CHAPTER 4 – RESULTS AND FINDINGS 
Overview 
An initial 1,250 responses to the survey described in Chapter 3 and detailed 
further in Appendix C were collected through Amazon’s MTurk.  MTurk is discussed 
further in Chapter 3.  From these responses, 107 were deemed unfit for analysis either 
because the MTurk rater did not agree to the informed consent form or they completed 
the survey in less than five seconds.  A secondary phase was completed to recruit an 
additional 107 responses, for a total of 1,250 survey responses. 
No demographic data was collected from the survey takers.  Since this study used 
MTurk as a research tool and not as a representative sample to reflect a population, 
demographic information was not collected.. 
Of the 1,250 responses collected, 1,011 responses were included in the analysis. 
Two hundred thirty-nine responses were removed from the data because the survey takers 
failed to complete the survey properly.  For the purpose of this study, failing to complete 
the survey properly included providing the same value for each answer or completing the 
survey in less than four minutes.  Four minutes was selected as the minimum time to 
complete the survey because each rater received four paragraphs to read.  The researcher 
wanted to ensure that the messages were fully read and the raters had an opportunity to 
fully comprehend the questions, so responses that did not take adequate time were 
removed from the analysis. 
Interrater Reliability 
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Krippendorff’s alpha was used to determine interrater reliability.  Krippendorff’s 
alpha was selected over other measurements because of its ability to function through 
multiple coders and a large sample size.  Krippendorff’s alpha has a potential range from 
zero to one.  De Swert (2012) suggests an alpha of 0.80 or higher for meaningful 
conclusions, with an alpha of .67 or higher recognized as the lowest limit for meaningful 
conclusions.  This study calculated Krippendorff’s alpha for each pre and post question. 
The full results are reported in Appendix A.  This study’s alpha scores ranged from 
0.0067 to 0.2258, meaning the overall interrater reliability was poor.  
Hypothesis testing 
The SPSS program was used to analyze all hypotheses.  The researcher compared 
the pre-training means to the post-training means using a two-tailed independent sample 
t-test.  An independent sample t-test was used because it is a common method to 
statistically compare means from two different groups while allowing each construct to 
be considered individually.  Simply comparing pre-training and post-training means for 
each construct was not indicative of the true results captured because each construct 
included differences in topic, author, and raters.  In order to account for the many factors 
that influenced the results of this study, results were analyzed, and hypotheses tested, in 
terms of topic and author.  The results of the independent sample t test are shown in 
tables 1 through 14 below. 
H1: The post-training argument quality will be rated significantly higher than the 
pre-training argument quality. 
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The results by topic indicate for messages written about topic 1 (increasing 
streamflow) that the pre-training argument quality was rated significantly higher than the 
post-training argument quality.  This result rejects the hypothesis and accepts the null 
hypothesis.  Results by topic are shown in Table 1. 
Table 1: ​Topic results for hypothesis 1 
 N M SD t df Sig. Cohen’s d 
Topic 1 – Pre-training 
Topic 1 – Post-training 
661 
645 
2.62 
2.55 
0.734 
0.838 
2.382 1304 0.017 0.09 
Topic 2 – Pre-training 
Topic 2 – Post-training 
658 
686 
2.85 
2.82 
0.737 
0.905 
0.611 1342 0.541 0.03 
Topic 3 – Pre-training 
Topic 3 – Post-training 
672 
655 
2.91 
2.95 
0.691 
0.719 
-0.941 1325 0.347 -0.05 
Note: p < .05  
The results by topic indicate for messages written about topic 2 (groundwater 
quality as a result of agricultural practices) that the pre-training argument quality was 
rated higher than the post-training argument quality, but this difference was not 
significant (Table 1). 
The results by topic indicate for messages written about topic 3 (building new 
infrastructure for urban flood management) that the pre-training argument quality was 
rated lower than the post-training argument quality, but this difference was not significant 
(Table 1). 
The results by author indicate for authors 1, 6, 8, 9, and 11 that the pre-training 
argument quality was rated significantly lower than the post-training argument quality. 
This result accepts the hypothesis.  Results by author are shown in Table 2.  
Table 2: ​Author results for hypothesis 1​. 
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 N M SD t df Sig. Cohen’s 
D 
Author 1 – Pre-training 
Author 1 – Post-training 
158 
158 
2.72 
3.11 
0.687 
0.721 
-4.851 314 0.000 -0.54 
Author 6 – Pre-training 
Author 6 – Post-training 
136 
125 
2.87 
3.12 
0.709 
0.629 
-2.943 259 0.004 -0.37 
Author 8 – Pre-training 
Author 8 – Post-training 
128 
148 
2.90 
3.09 
0.751 
0.711 
-2.099 274 0.037 -0.25 
Author 9 – Pre-training 
Author 9 – Post-training 
124 
139 
3.04 
3.44 
0.703 
0.650 
-4.806 261 0.000 -0.59 
Author 11 – Pre-training 
Author 11 – 
Post-training 
135 
135 
2.73 
2.93 
0.692 
0.703 
-2.313 268 0.021 -0.28 
Author 10- Pre-training 
Author 10- Post-training 
133 
132 
2.96 
3.12 
0.701 
0.730 
-1.871 263 0.062 -0.23 
Author 12- Pre-training 
Author 12- Post-training 
133 
133 
3.07 
3.21 
0.642 
0.649 
-1.757 264 0.080 -0.22 
Author 3 – Pre-training 
Author 3 – Post-training 
162 
160 
2.84 
2.50 
0.733 
0.748 
4.114 320 0.000 0.46 
Author 4 – Pre-training 
Author 4 – Post-training 
174 
154 
2.42 
2.06 
0.777 
0.821 
4.063 326 0.000 0.45 
Author 5 – Pre-training 
Author 5 – Post-training 
127 
134 
2.80 
2.07 
0.650 
0.846 
7.810 259 0.000 0.96 
Author 7 – Pre-training 
Author 7 – Post-training 
143 
140 
2.65 
2.38 
0.810 
0.872 
2.750 281 0.006 0.33 
Author 14- Pre-training 
Author 14- Post-training 
135 
131 
2.84 
2.63 
0.704 
0.711 
2.322 264 0.021 0.28 
Author 2 – Pre-training 
Author 2 – Post-training 
167 
173 
2.52 
2.40 
0.665 
0.725 
1.621 338 0.106 0.18 
Author 13- Pre-training 
Author 13- Post-training 
136 
124 
2.97 
2.84 
0.673 
0.656 
1.564 258 0.119 0.19 
Note:​ ​p < .05 
The results by author indicate that for authors 10 and 12 the pre-training argument 
quality was rated lower than the post-training argument quality, but this difference was 
not significant (Table 2). 
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The results by author indicate that for authors 3, 4, 5, 7, and 14 the pre-training 
argument quality was rated significantly higher than the post-training argument quality. 
This result rejects the hypothesis and accepts the null hypothesis (Table 2).  
The results by author indicate for authors 2 and 13 that the pre-training argument 
quality was rated higher than the post-training argument quality, but this difference was 
not significant (Table 2). 
H2: The post-training source credibility will be rated significantly higher than the 
pre-training source credibility. 
The results by topic indicate for messages written about topic 1 (increasing 
streamflow) that the pre-training source credibility was rated significantly higher than the 
post-training source credibility.  This result rejects the hypothesis and supports the null 
hypothesis.  Results by topic are shown in Table 3.  
Table 3: ​Topic results for hypothesis 2 
 N M SD t df Sig. Cohen’s d 
Topic 1 – Pre-training 
Topic 1 – Post-training 
655 
653 
2.77 
2.63 
0.696 
0.765 
3.624 1306 0.000 0.20 
Topic 2 – Pre-training 
Topic 2 – Post-training 
662 
684 
2.85 
2.85 
0.711 
0.865 
0.086 1344 0.931 0.00 
Topic 3 – Pre-training 
Topic 3 – Post-training 
669 
659 
2.92 
2.93 
0.675 
0.682 
-0.254 1326 0.799 -0.01 
Note: p < .05 
The results by topic indicate that for messages written about topic 2 (groundwater 
quality as a result of agricultural practices) the pre-training source credibility was rated 
higher than the post-training source credibility, but this difference was not significant 
(Table 3). 
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The results by topic indicate that for messages written about topic 3 (building new 
infrastructure for urban flood management) the pre-training source credibility was rated 
lower than the post-training source credibility, but this difference was not significant 
(Table 3). 
The results by author indicate that for authors 1, 6, 8, 9, and 10 the pre-training 
source credibility was rated significantly lower than the post-training source credibility. 
This result accepts the hypothesis.  Results by author are shown in Table 4. 
 
Table 4: ​Author results for hypothesis 2 
 N M SD t df Sig. Cohen’s d 
Author 1 – Pre-training 
Author 1 – Post-training 
158 
154 
2.80 
3.09 
0.667 
0.691 
-3.734 310 0.000 -0.42 
Author 6 – Pre-training 
Author 6 – Post-training 
135 
126 
2.87 
3.17 
0.662 
0.613 
-3.703 259 0.000 -0.46 
Author 8 – Pre-training 
Author 8 – Post-training 
130 
147 
2.86 
3.05 
0.734 
0.743 
-2.043 275 0.042 -0.25 
Author 9 – Pre-training 
Author 9 – Post-training 
125 
136 
3.06 
3.45 
0.700 
0.609 
-4.815 259 0.000 -0.59 
Author 10 – Pre-training 
Author 10 – Post-training 
132 
131 
2.96 
3.16 
0.636 
0.656 
-2.440 261 0.015 -0.30 
Author 11 – Pre-training 
Author 11 – Post-training 
133 
135 
2.76 
2.87 
0.709 
0.674 
-1.225 266 0.222 -0.15 
Author 12 – Pre-training 
Author 12 – Post-training 
134 
135 
3.04 
3.17 
0.691 
0.599 
-1.616 267 0.107 -0.20 
Author 2 – Pre-training 
Author 2 – Post-training 
167 
176 
2.65 
2.47 
0.690 
0.650 
2.404 341 0.017 0.26 
Author 3 – Pre-training 
Author 3 – Post-training 
160 
164 
2.96 
2.74 
0.683 
0.664 
2.921 322 0.004 0.33 
Author 4 – Pre-training 
Author 4 – Post-training 
170 
159 
2.69 
2.23 
0.705 
0.789 
5.639 327 0.000 0.62 
Author 5 – Pre-training 
Author 5 – Post-training 
126 
135 
2.84 
2.15 
0.620 
0.792 
7.843 259 0.000 0.98 
Author 7 – Pre-training 
Author 7 – Post-training 
146 
140 
2.64 
2.43 
0.766 
0.816 
2.224 284 0.027 0.26 
36 
Author 14 – Pre-training 
Author 14 – Post-training 
135 
134 
2.88 
2.64 
0.664 
0.690 
2.901 267 0.004 0.35 
Author 13 – Pre-training 
Author 13 – Post-training 
135 
124 
2.94 
2.80 
0.650 
0.631 
1.803 257 0.073 0.22 
Note: p < .05 
The results by author indicate that for authors 11 and 12 the pre-training source 
credibility was rated lower than the post-training source credibility, but this difference 
was not significant (Table 4). 
The results by author indicate that for authors 2, 3, 4, 5, 7, and 14 the pre-training 
source credibility was rated significantly higher than the post-training source credibility. 
This result rejects the hypothesis and accepts the null hypothesis (Table 4).  
The results by author indicate that for author 13 the pre-training source credibility 
was rated higher than the post-training source credibility, but this difference was not 
significant (Table 4). 
H3: The post-training number of arguments will be rated significantly higher than 
the pre-training number of arguments. 
The results by topic indicate for messages written about topic 1 (increasing 
streamflow) and topic 2 (groundwater quality as a result of agricultural practices) that the 
pre-training number of arguments was rated higher than the post-training number of 
arguments, but this difference was not significant.  Results by topic are shown in Table 5. 
Table 5: ​Topic results for hypothesis 3 
 N M SD t df Sig. Cohen’s d 
Topic 1 – Pre-training 
Topic 1 – Post-training 
668 
661 
2.67 
2.58 
0.891 
1.057 
1.646 1327 0.100 0.09 
Topic 2 – Pre-training 
Topic 2 – Post-training 
671 
693 
2.87 
2.86 
0.831 
1.033 
0.205 1362 0.838 0.01 
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Topic 3 – Pre-training 
Topic 3 – Post-training 
681 
666 
2.97 
2.99 
0.795 
0.850 
-0.355 1345 0.723 -0.02 
Note: p < .05 
The results by topic indicate that for messages written about topic 3 (building new 
infrastructure for urban flood management) the pre-training number of arguments was 
rated lower than the post-training number of arguments, but this difference was not 
significant (Table 5). 
The results by author indicate that for authors 1, 6, 9, and 10 the pre-training 
number of arguments was rated significantly lower than the post-training number of 
arguments.  This result accepts the hypothesis.  Results by author are shown in Table 6. 
Table 6: ​Author results for hypothesis 3 
 N M SD t df Sig. Cohen’s d 
Author 1 – Pre-training 
Author 1 – Post-training 
161 
159 
2.87 
3.31 
0.807 
0.771 
-4.970 318 0.000 -0.56 
Author 6 – Pre-training 
Author 6 – Post-training 
135 
126 
2.87 
3.17 
0.662 
0.613 
-3.175 263 0.002 -0.46 
Author 9 – Pre-training 
Author 9 – Post-training 
128 
140 
3.07 
3.48 
0.805 
0.754 
-4.287 266 0.000 -0.53 
Author 10 – Pre-training 
Author 10 – Post-training 
134 
133 
2.94 
3.14 
0.763 
0.809 
-2.105 265 0.036 -0.25 
Author 8 – Pre-training 
Author 8 – Post-training 
131 
148 
3.06 
3.21 
0.782 
0.851 
-1.510 277 0.132 -0.18 
Author 11 – Pre-training 
Author 11 – Post-training 
135 
138 
2.87 
3.01 
0.901 
0.824 
-1.275 271 0.204 -0.16 
Author 12 – Pre-training 
Author 12 – Post-training 
138 
135 
3.22 
3.27 
0.725 
0.717 
-0.566 271 0.572 -0.07 
Author 2 – Pre-training 
Author 2 – Post-training 
167 
177 
2.51 
2.27 
0.904 
0.979 
2.393 342 0.017 0.25 
Author 3 – Pre-training 
Author 3 – Post-training 
165 
164 
2.87 
2.59 
0.820 
0.996 
2.857 327 0.005 0.31 
Author 4 – Pre-training 
Author 4 – Post-training 
175 
161 
2.45 
2.20 
0.938 
1.085 
2.180 334 0.030 0.25 
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Author 5 – Pre-training 
Author 5 – Post-training 
129 
136 
2.71 
1.99 
0.804 
1.058 
6.151 263 0.000 0.77 
Author 7 – Pre-training 
Author 7 – Post-training 
147 
140 
2.72 
2.47 
0.850 
0.955 
2.341 285 0.020 0.27 
Author 14 – Pre-training 
Author 14 – Post-training 
136 
135 
2.80 
2.58 
0.778 
0.885 
2.211 269 0.028 0.26 
Author 13 – Pre-training 
Author 13 – Post-training 
138 
125 
3.02 
2.94 
0.740 
0.855 
0.791 261 0.430 0.10 
Note: p < .05 
The results by author indicate for authors 8, 11, and 12 that the pre-training 
number of arguments was rated lower than the post-training number of arguments, but 
this difference was not significant (Table 6). 
The results by author indicate for authors 2, 3, 4, 5, 7, and 14 that the pre-training 
number of arguments was rated significantly higher than the post-training number of 
arguments.  This result rejects the hypothesis and accepts the null hypothesis. (Table 6). 
The results by author indicate for author 13 that the pre-training number of 
arguments was rated higher than the post-training number of arguments, but this 
difference was not significant (Table 6). 
H4: The post-training compelling arguments will be rated significantly higher than 
the pre-training compelling arguments. 
The results by topic indicate that for messages written about topic 1 (increasing 
streamflow) and topic 2 (groundwater quality as a result of agricultural practices) the 
pre-training compelling arguments was rated higher than the post-training compelling 
arguments, but this difference was not significant.  Results by topic are shown in Table 7. 
Table 7: ​Topic results for hypothesis 4 
 N M SD t df Sig. Cohen’s d 
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Topic 1 – Pre-training 
Topic 1 – Post-training 
661 
653 
2.49 
2.45 
0.807 
0.881 
0.976 1312 0.329 0.05 
Topic 2 – Pre-training 
Topic 2 – Post-training 
665 
683 
2.74 
2.73 
0.778 
0.910 
0.150 1346 0.881 0.01 
Topic 3 – Pre-training 
Topic 3 – Post-training 
674 
649 
2.82 
2.84 
0.731 
0.773 
-0.61 1321 0.538 -0.03 
Note: p < .05 
The results by topic indicate that for messages written about topic 3 (building new 
infrastructure for urban flood management) the pre-training compelling arguments was 
rated lower than the post-training compelling arguments, but this difference was not 
significant (Table 7). 
The results by author indicate that for authors 1, 6, and 9 the pre-training 
compelling arguments was rated significantly lower than the post-training compelling 
arguments.  This result accepts the hypothesis.  Results by author are shown in Table 8. 
Table 8: ​Author results for hypothesis 4 
 N M SD t df Sig. Cohen’s d 
Author 1 – Pre-training 
Author 1 – Post-training 
159 
159 
2.63 
3.04 
0.754 
0.769 
-4.882 316 0.000 -0.55 
Author 6 – Pre-training 
Author 6 – Post-training 
134 
126 
2.73 
3.02 
0.726 
0.631 
-3.462 258 0.001 -0.43 
Author 9 – Pre-training 
Author 9 – Post-training 
127 
137 
2.92 
3.23 
0.774 
0.695 
-3.396 262 0.001 -0.42 
Author 8 – Pre-training 
Author 8 – Post-training 
129 
146 
2.80 
2.97 
0.776 
0.804 
-1.714 273 0.088 -0.21 
Author 10 – Pre-training 
Author 10 – Post-training 
132 
129 
2.88 
3.01 
0.689 
0.765 
-1.377 259 0.170 -0.17 
Author 11 – Pre-training 
Author 11 – Post-training 
133 
135 
2.70 
2.76 
0.766 
0.728 
-0.725 266 0.469 -0.09 
Author 12 – Pre-training 
Author 12 – Post-training 
135 
134 
2.95 
3.09 
0.715 
0.737 
-1.570 267 0.118 -0.19 
Author 3 – Pre-training 
Author 3 – Post-training 
161 
163 
2.68 
2.39 
0.812 
0.828 
3.190 322 0.002 0.35 
Author 5 – Pre-training 
Author 5 – Post-training 
128 
134 
2.75 
2.05 
0.732 
0.868 
6.971 260 0.000 0.86 
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Author 2 – Pre-training 
Author 2 – Post-training 
167 
174 
2.41 
2.27 
0.755 
0.798 
1.630 339 0.104 0.18 
Author 4 – Pre-training 
Author 4 – Post-training 
174 
157 
2.28 
2.10 
0.840 
0.837 
1.945 329 0.053 0.21 
Author 7 – Pre-training 
Author 7 – Post-training 
147 
140 
2.53 
2.39 
0.828 
0.950 
1.311 285 0.191 0.15 
Author 13 – Pre-training 
Author 13 – Post-training 
137 
119 
2.84 
2.75 
0.722 
0.775 
1.051 254 0.294 0.13 
Author 14 – Pre-training 
Author 14 – Post-training 
137 
132 
2.70 
2.59 
0.735 
0.762 
1.228 267 0.220 0.15 
Note: p < .05 
The results by author indicate that for authors 8, 10, 11, and 12 the pre-training 
compelling arguments was rated lower than the post-training compelling arguments, but 
this difference was not significant (Table 8). 
The results by author indicate that for authors 3 and 5 the pre-training compelling 
arguments was rated significantly higher than the post-training compelling arguments. 
This result rejects the hypothesis and accepts the null hypothesis (Table 8).  
The results by author indicate that for authors 2, 4, 7, 13, and 14 the pre-training 
compelling arguments was rated higher than the post-training compelling arguments, but 
this difference was not significant (Table 8). 
H5: The post-training factual message will be rated significantly higher than the 
pre-training factual message. 
The results by topic indicate that for messages written about topic 1 (increasing 
streamflow) the pre-training factual message was rated significantly higher than the 
post-training factual message.  This result rejects the hypothesis and supports the null 
hypothesis.  Results by topic are shown in Table 9. 
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Table 9: ​Topic results for hypothesis 5 
 N M SD t df Sig. Cohen’s d 
Topic 1 – Pre-training 
Topic 1 – Post-training 
660 
655 
2.79 
2.71 
0.625 
0.725 
2.033 1313 0.042 0.11 
Topic 2 – Pre-training 
Topic 2 – Post-training 
664 
689 
2.95 
2.90 
0.654 
0.777 
1.471 1351 0.142 0.08 
Topic 3 – Pre-training 
Topic 3 – Post-training 
673 
657 
2.99 
2.97 
0.638 
0.657 
0.475 1328 0.635 0.03 
Note: p < .05 
The results by topic indicate that for messages written about topic 2 (groundwater 
quality as a result of agricultural practices) the pre-training factual message was rated 
higher than the post-training factual message, but this difference was not significant 
(Table 9). 
The results by topic indicate that for messages written about topic 3 (building new 
infrastructure for urban flood management) the pre-training factual message was rated 
lower than the post-training factual message, but this difference was not significant 
(Table 9). 
The results by author indicate that for authors 1, 6, and 9 the pre-training factual 
message was rated significantly lower than the post-training factual message.  This result 
accepts the hypothesis.  Results by author are shown in Table 10. 
Table 10: ​Author results for hypothesis 5 
 N M SD t df Sig. Cohen’s d 
Author 1 – Pre-training 
Author 1 – Post- training 
159 
158 
2.88 
3.08 
0.622 
0.684 
-2.747 315 0.006 -0.27 
Author 6 – Pre-training 
Author 6 – Post-training 
133 
127 
2.95 
3.14 
0.584 
0.575 
-2.777 258 0.006 -0.41 
Author 9 – Pre-training 
Author 9 – Post-training 
127 
139 
3.05 
3.28 
0.682 
0.666 
-2.784 264 0.006 -0.34 
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Author 8 – Pre-training 
Author 8 – Post-training 
130 
147 
2.95 
3.02 
0.695 
0.708 
-0.865 275 0.388 -0.10 
Author 10 – Pre-training 
Author 10 – Post-training 
134 
131 
3.03 
3.13 
0.604 
0.635 
-1.281 263 0.201 -0.16 
Author 11 – Pre-training 
Author 11 – Post-training 
134 
137 
2.93 
2.98 
0.642 
0.599 
-0.664 269 0.507 -0.08 
Author 12 – Pre-training 
Author 12 – Post-training 
135 
135 
3.05 
3.12 
0.676 
0.630 
-0.899 268 0.369 -0.11 
Author 4 – Pre-training 
Author 4 – Post-training 
172 
159 
2.67 
2.34 
0.648 
0.709 
4.349 329 0.000 0.48 
Author 5 – Pre-training 
Author 5 – Post-training 
129 
136 
2.98 
2.45 
0.630 
0.757 
6.132 263 0.000 0.76 
Author 7 – Pre-training 
Author 7 – Post-training 
145 
140 
2.86 
2.58 
0.663 
0.808 
3.101 283 0.002 0.37 
Author 14 – Pre-training 
Author 14 – Post-training 
134 
133 
2.98 
2.70 
0.634 
0.693 
3.363 265 0.001 0.41 
Author 2 – Pre-training 
Author 2 – Post-training 
166 
174 
2.73 
2.65 
0.565 
0.676 
1.204 338 0.229 0.13 
Author 3 – Pre-training 
Author 3 – Post-training 
163 
164 
2.89 
2.78 
0.637 
0.645 
1.453 325 0.147 0.16 
Author 13 – Pre-training 
Author 13 – Post-training 
136 
121 
2.96 
2.92 
0.633 
0.641 
0.438 255 0.662 0.05 
Note: p < .05 
The results by author indicate that for authors 8, 10, 11, and 12 the pre-training 
factual message was rated lower than the post-training factual message, but this 
difference was not significant (Table 10). 
The results by author indicate that for authors 4, 5, 7, and 14  the pre-training 
factual message was rated significantly higher than the post-training factual message. 
This result rejects the hypothesis and supports the null hypothesis (Table 10). 
The results by author indicate that for authors 2, 3, and 13 the pre-training factual 
message was rated higher than the post-training factual message, but this difference was 
not significant (Table 10). 
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H6: The post-training relatable message will be rated significantly higher than the 
pre-training relatable message. 
The results by topic indicate that for messages written about topic 1 (increasing 
streamflow) and topic 2 (groundwater quality as a result of agricultural practices) the 
pre-training relatable message was rated higher than the post-training relatable message, 
but this difference was not significant.  Results by topic are shown in Table 11. 
Table 11: ​Topic results for hypothesis 6 
 N M SD t df Sig. Cohen’s d 
Topic 1 – Pre-training 
Topic 1 – Post-training 
664 
653 
2.38 
2.37 
0.837 
0.886 
0.196 1315 0.845 0.01 
Topic 2 – Pre-training 
Topic 2 – Post-training 
664 
688 
2.61 
2.61 
0.787 
0.823 
0.026 1350 0.980 0.00 
Topic 3 – Pre-training 
Topic 3 – Post-training 
674 
662 
2.64 
2.65 
0.755 
0.796 
-0.310 1334 0.757 -0.17 
Note: p < .05 
The results by topic indicate that for messages written about topic 3 (building new 
infrastructure for urban flood management) the pre-training relatable message was rated 
lower than the post-training relatable message, but this difference was not significant 
(Table 11). 
The results by author indicate that for authors 1, 6, and 9 the pre-training relatable 
message was rated significantly lower than the post-training relatable message.  This 
result accepts the hypothesis.  Results by author are shown in Table 12. 
Table 12: ​Author results for hypothesis 6 
 N M SD t df Sig. Cohen’s d 
Author 1 – Pre-training 
Author 1 – Post-training 
159 
155 
2.54 
2.78 
0.762 
0.846 
-2.572 312 0.011 -0.29 
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Author 6 – Pre-training 
Author 6 – Post-training 
134 
126 
2.48 
2.73 
0.769 
0.665 
-2.742 258 0.007 -0.34 
Author 9 – Pre-training 
Author 9 – Post-training 
124 
139 
2.66 
2.89 
0.760 
0.734 
-2.468 261 0.014 -0.31 
Author 8 – Pre-training 
Author 8 – Post-training 
130 
148 
2.72 
2.80 
0.797 
0.787 
-0.821 276 0.413 -0.10 
Author 10 – Pre-training 
Author 10 – Post-training 
131 
133 
2.61 
2.78 
0.786 
0.790 
-1.817 262 0.070 -0.22 
Author 11 – Pre-training 
Author 11 – Post-training 
135 
138 
2.64 
2.65 
0.709 
0.795 
-0.138 271 0.891 -0.02 
Author 12 – Pre-training 
Author 12 – Post-training 
135 
133 
2.64 
2.72 
0.811 
0.801 
-0.836 266 0.404 -0.10 
Author 3 – Pre-training 
Author 3 – Post-training 
164 
164 
2.45 
2.25 
0.862 
0.912 
2.074 326 0.039 0.23 
Author 5 – Pre-training 
Author 5 – Post-training 
129 
136 
2.67 
2.25 
0.742 
0.812 
4.330 263 0.000 0.48 
Author 2 – Pre-training 
Author 2 – Post-training 
167 
175 
2.37 
2.34 
0.789 
0.786 
0.381 340 0.703 0.04 
Author 4 – Pre-training 
Author 4 – Post-training 
174 
159 
2.18 
2.14 
0.886 
0.878 
0.364 331 0.716 0.04 
Author 7 – Pre-training 
Author 7 – Post-training 
147 
139 
2.54 
2.37 
0.842 
0.899 
1.631 284 0.104 0.19 
Author 13 – Pre-training 
Author 13 – Post-training 
137 
124 
2.69 
2.57 
0.729 
0.788 
1.311 259 0.191 0.16 
Author 14 – Pre-training 
Author 14 – Post-training 
136 
134 
2.61 
2.52 
0.743 
0.790 
268 0.36
1 
0.085 0.11 
Note: p < .05 
The results by author indicate that for authors 8, 10, 11, and 12 the pre-training 
relatable message was rated lower than the post-training relatable message, but this 
difference was not significant (Table 12). 
The results by author indicate that for authors 3 and 5 the pre-training relatable 
message was rated significantly higher than the post-training relatable message.  This 
result rejects the hypothesis and accepts the null hypothesis (Table 12).  
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The results by author indicate that for authors 2, 4, 7, 13, and 14 the pre-training 
relatable message was rated higher than the post-training relatable message, but this 
difference was not significant (Table 12). 
H7: The post-training self-referencing will be rated significantly higher than the 
pre-training self-referencing. 
The results by topic indicate that for messages written about topic 1 (increasing 
streamflow) and topic 2 (groundwater quality as a result of agricultural practices) the 
pre-training self-referencing was rated higher than the post-training self-referencing, but 
this difference was not significant.  Results by topic are shown in Table 13. 
Table 13: ​Topic results for hypothesis 7 
 N M SD t df Sig. Cohen’s d 
Topic 1 – Pre-training 
Topic 1 – Post-training 
664 
656 
2.28 
2.27 
0.916 
0.924 
0.113 1318 0.910 0.01 
Topic 2 – Pre-training 
Topic 2 – Post-training 
669 
687 
2.46 
2.51 
0.867 
0.902 
-1.127 1354 0.260 -0.06 
Topic 3 – Pre-training 
Topic 3 – Post-training 
678 
659 
2.49 
2.57 
0.867 
0.879 
-1.791 1335 0.074 -0.10 
Note: p < .05 
The results by topic indicate that for messages written about topic 3 (building new 
infrastructure for urban flood management) the pre-training self-referencing was rated 
lower than the post-training self-referencing, but this difference was not significant 
(Table 13). 
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The results by author indicate that for authors 1, 6, and 9 the pre-training 
self-referencing was rated significantly lower than the post-training self-referencing. 
This result accepts the hypothesis.  Results by author are shown in Table 14. 
Table 14: ​Author results for hypothesis 7 
 N M SD t df Sig. Cohen’s d 
Author 1 – Pre-training 
Author 1 – Post-training 
159 
159 
2.43 
2.61 
0.880 
0.921 
-1.806 316 0.072 -0.20 
Author 6 – Pre-training 
Author 6 – Post-training 
134 
126 
2.48 
2.73 
0.768 
0.665 
-1.973 258 0.050 -0.34 
Author 9 – Pre-training 
Author 9 – Post-training 
127 
139 
2.55 
2.75 
0.824 
0.867 
-1.961 264 0.051 -0.24 
Author 8 – Pre-training 
Author 8 – Post-training 
131 
148 
2.54 
2.71 
0.874 
0.854 
-1.646 277 0.101 -0.20 
Author 10 – Pre-training 
Author 10 – Post-training 
134 
133 
2.52 
2.69 
0.868 
0.861 
-1.565 265 0.119 -0.19 
Author 11 – Pre-training 
Author 11 – Post-training 
134 
137 
2.44 
2.55 
0.852 
0.907 
-1.070 269 0.285 -0.13 
Author 12 – Pre-training 
Author 12 – Post-training 
137 
133 
2.56 
2.70 
0.846 
0.925 
-1.307 268 0.192 -0.16 
Author 5 – Pre-training 
Author 5 – Post-training 
129 
135 
2.50 
2.19 
0.829 
0.906 
2.837 262 0.005 0.35 
Author 2 – Pre-training 
Author 2 – Post-training 
168 
176 
2.26 
2.24 
0.887 
0.888 
0.244 342 0.807 0.03 
Author 3 – Pre-training 
Author 3 – Post-training 
165 
162 
2.28 
2.17 
0.945 
0.919 
1.145 325 0.253 0.13 
Author 4 – Pre-training 
Author 4 – Post-training 
172 
159 
2.14 
2.07 
0.933 
0.886 
0.700 329 0.484 0.08 
Author 7 – Pre-training 
Author 7 – Post-training 
147 
140 
2.35 
2.31 
0.935 
0.924 
0.358 285 0.721 0.04 
Author 13 – Pre-training 
Author 13 – Post-training 
138 
125 
2.51 
2.54 
0.870 
0.857 
-0.243 261 0.808 -0.03 
Author 14 – Pre-training 
Author 14 – Post-training 
135 
131 
2.41 
2.38 
0.902 
0.814 
0.207 264 0.836 0.03 
Note: p < .05 
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The results by author indicate that for authors 8, 10, 11, and 12 the pre-training 
self-referencing was rated lower than the post-training self-referencing, but this 
difference was not significant (Table 14). 
The results by author indicate that for author 5 the pre-training self-referencing 
was rated significantly higher than the post-training self-referencing.  This result rejects 
the hypothesis and accepts the null hypothesis (Table 14).  
The results by author indicate that for authors 2, 3, 4, 7, 13, and 14 the pre- 
training self-referencing was rated higher than the post-training self-referencing, but this 
difference was not significant (Table 14).  
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CHAPTER 5 – DISCUSSION 
Introduction: Discussion of Results and Findings 
The results of this study are most clear when considered by topic and by author. 
The results for topic 1 (increasing stream flow) indicate that the post-training messages 
were rated lower than the pre-training message, with argument quality, source credibility, 
and factual message significantly so.  The results for topic 2 (groundwater quality as a 
result of agricultural practices) indicate that the post-training messages were rated lower 
than the pre-training message, but these results were not significant.  The results for topic 
3 (building new infrastructure for urban flood management) indicate that the post-training 
messages were rated higher than the pre-training messages, but these results were not 
significant.  To fully understand the results, consideration needs to be given to the results 
by author.  This information is embedded within the results by topic and ultimately 
influences it. 
Fifty percent of the authors (authors 1, 6, 8, 9, 10, 11, and 12) received 
post-training ratings that were higher than their pre-training ratings.  The results from 
these seven authors support our hypotheses that the training would increase the scores 
their messages received, meaning that their written communication skills improved after 
the training session.  Different authors had different levels of significance within their 
scores, which are discussed at length in Chapter 4.  These seven authors all received 
higher ratings post-training than pre-training for all seven constructs, but not all the 
authors were significantly improved for each construct. 
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Fifty percent of the authors (authors 2, 3, 4, 5, 7, 13, and 14) received 
post-training ratings that were lower than their pre-training ratings.  The results from 
these seven authors are contrary to our hypotheses and indicate that their written 
communication skills got worse after the training session.  Different authors had different 
levels of significance within their scores, which are discussed at length in Chapter 4. 
These seven authors all received lower ratings post-training than pre-training for all seven 
constructs, but not all the authors were significantly improved for each construct. 
Hypothesis Testing and Theoretical Framework 
It is most effective to consider the hypotheses and theoretical framework on an 
author by author basis rather than looking at the results as a whole.  Ultimately, 50% of 
the authors supported the hypotheses and the theoretical framework presented in Chapter 
2 and 50% of the authors showed results contrary to the hypotheses and theoretical 
framework.  This doesn’t necessarily mean that the hypotheses are rejected or the 
theoretical framework is incorrect, but asks us to consider the many factors at play within 
the authors themselves, which are discussed below. 
Discussion of Author Improvement 
The analysis of writing skills is a notoriously difficult subject.  Sommers (2008) 
best describes this study’s experience of analyzing writing skills:  
Writing development involves steps both forward and backward, gains and losses, 
and requires some amount of “bad” writing while new skills are practiced.  These 
steps backward, which often defy our best attempts to describe progress, are often 
indicators that students are struggling to learn something new.  It is not 
uncommon to see students regress in one area as they practice another.  From a 
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longitudinal perspective, writing development is neither linear or sequential, nor 
entirely predictable. (p. 154)  
It becomes challenging to state why 50% of the authors in this study seemed to 
get worse after the training session rather than seeing their writing skills improve. 
Perhaps their first message was truly their best, and additional instruction on 
communication theory confused their message.  It is possible some of the Academy 
participants had already received a different kind of science communication training, so 
adding additional instructions made their writing skills less clear or had no effect on their 
post-training message.  There is also potential that participants were not fully engaged in 
the training session due to the time of day and the strenuous nature of the Academy 
sessions.  This training session took place at the end of the day, meaning the Academy 
participants had already attended ten hours of training and information sessions.  The use 
of MTurk could have influenced our results as well, and this concept is discussed at 
length below.  Ultimately, it is beyond the scope of this study to clearly state why 50% of 
the authors failed to improve after the training session, but the researcher is encouraged 
by the results of 50% of the authors improving. 
Another factor to consider is the results of Krippendorff’s alpha for the constructs 
being tested.  The alpha scores collected were extremely low, meaning this study’s 
interrater reliability was almost nonexistent.  This is one potential explanation for the 
wide range of results different authors received, as well as a possible explanation as to 
why some authors seemed to get worse rather than better.  
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Ultimately, these scores for interrater reliability point towards MTurk, the service 
used to recruit survey takers for this study.  While other studies suggested MTurk was an 
effective method to collect survey takers for ELM research, as discussed in Chapter 2, 
this doesn’t seem to be the case for this particular study.  MTurk was effective in terms of 
collecting a large number of survey responses in a short period of time.  It is possible 
MTurk was not effective for this study in particular because the survey was set up in a 
way that is different from most MTurk tasks.  The proper completion of this study’s 
survey expected MTurk raters to fully read and comprehend each individual paragraph, 
which is very different from the kind of surveys they are usually asked to complete.  As 
stated in Chapter 2, the characteristics of the message recipient influence how the 
message is received and elaborated on.  It appears the MTurk raters had characteristics 
that made elaboration difficult.  Another potential flaw with MTurk is that some 
questions within the survey could be interpreted as the survey taker’s opinion on the 
matter rather than an actual analysis of the author’s writing and communication skills, 
creating a potential for bias.  
Ultimately, this study concludes that the experimental design had potential for 
success and the use of a different set of raters could have potential to achieve better 
results.  This survey required a large sample size to be able fully analyze the writing 
skills of the different authors.  Asking fewer questions could be an effective method to 
decrease the sample size in order to recruit survey takers that are more highly qualified. 
It could be beneficial to select raters from a pool of communication experts or experts in 
the field that is being communicated about.  However, that field of experts is much 
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smaller than the field of MTurk raters, again calling into question the balance between 
sample size, effect size, and qualified survey takers. 
Limiting Factors 
All research studies have limitations based on time and scope.  This study 
recognizes that the messages created have certain limitations. The overarching limiting 
factor with studies that attempt to teach communication skills is the existing skills of the 
participants.  This study recognizes that not all Academy participants have an equal level 
of communication skills before the training starts.  Some messages will have more room 
to improve than others, but all messages created were tested in order to remove some of 
this bias.  This study attempted to select topics that the Academy participants would be 
knowledgeable and comfortable writing about, but there are still different levels of 
knowledge and comfort within the participants.  
This study also faced limitations within the individuals rating the message. 
Preferred populations for raters are discussed above.  Ultimately, decisions were made to 
best reflect the size and scope of this study while still allowing the study to be completed 
within the required timeline. 
Methodological Challenges and Recommendations for Future Studies 
The first recommended adjustment to the methodology outlined in this study that 
future studies should consider is improving their population of raters.  By following the 
recommendations discussed above, future studies have the opportunity to improve their 
interrater reliability and achieve results with stronger significance.  Another potential 
improvement could include creating a training for the raters.  Sample messages that 
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represent the constructs being tested could be used to calibrate the raters and prepare 
them to rate messages of different skill levels.  Future researchers would have to 
determine who should write these sample messages and the best ways to represent the 
constructs of the ELM based on the literature. 
Another recommendation from this study is to increase the randomization of the 
order of messages survey takers are shown.  During this study, survey takers were shown 
two randomly selected pre-training messages, followed by two randomly selected 
post-messages.  Improving the randomization to mix the pre-training and post-training 
messages could improve the clarity of the results by removing a layer of bias potential 
survey fatigue. 
Adjustments could be made to the training session as well to include other factors 
of writing theory, as outlined by Sommers (2008).  This includes making the training 
session more interactive and including opportunities for peer review and rewriting. 
The ELM has different recommendations for communication via the central and 
peripheral routes.  In practice, it is challenging to isolate one route rather than the other. 
This study recommends that future research focus on how to engage the central route in 
message recipients who are more likely to take the peripheral route, while also focusing 
on how to make attitude change more common and long-lasting when using the 
peripheral route. 
Recommendations for Practice 
First and foremost, this study recommends that science communicators take 
advantage of credible training opportunities that are available. Not all science 
54 
communication trainings are created equal, but looking for trainings that follow the 
constructs discussed throughout this study could be beneficial for science 
communicators.  While it is challenging to address the writing skills of individual 
communicators, this researcher still suggests that some training is better than no training. 
By including elements of argument quality, source credibility, number of arguments, 
compelling messages, factual messages, relatable messages, and self-referencing, science 
communicators can better reach their target audience and influence attitudes and behavior 
towards science in the public’s everyday life. 
Conclusion 
Ultimately, this study found that the ELM can be used as a method to teach 
science communication.  However, communication is complex and science 
communication can have other challenges depending on subject matter.  This researcher 
believes that credible science communication training is crucial for scientists and 
researchers, and the method of testing the model should be honed for future replications 
in order to best test the ELM. 
The ELM framework and the training session created through this study can be 
used to train future Academy participants to better communicate messages about water in 
Nebraska.  Science communication is an important skill for scientists and resource 
professionals to learn and implement, and integration of this training session into the 
Academy curriculum will support the mission of the Academy while giving participants 
practical tools for their daily work.  
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Appendix A – Krippendorff’s Alpha 
 Pre-training Post-training 
Argument Quality Q1 
Argument Quality Q2 
Argument Quality Q3 
Argument Quality Q4 
0.0367 
0.0422 
0.0354 
0.0475 
0.2258 
0.1769 
0.1875 
0.1597 
Source Credibility Q1 
Source Credibility Q2 
Source Credibility Q3 
0.0256 
0.0115 
0.0187 
0.1896 
0.1177 
0.1610 
Number of Arguments Q1 0.0529 0.1945 
Compelling Argument Q1 
Compelling Argument Q2 
Compelling Argument Q3 
0.040 
0.0382 
0.0368 
0.1434 
0.1552 
0.1334 
Factual Message Q1 
Factual Message Q2 
Factual Message Q3 
0.0155 
0.0191 
0.0174 
0.0940 
0.1155 
0.1144 
Relatable Message Q1 
Relatable Message Q2 
Relatable Message Q3 
0.0219 
0.0219 
0.0142 
0.0735 
0.0505 
0.0528 
Self-Referencing Q1 
Self-Referencing Q2 
0.0145 
0.0067 
0.0410 
0.0560 
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Appendix B – Informed Consent Letter 
We are conducting research to determine effective methods of communicating 
science to the public.  Please read the following consent form.  By clicking yes, you 
agree to allow us to use your answers in our research. 
  
  
IRB #: 19970 
Formal Study Title: Using the Elaboration Likelihood Model to Evaluate Science Communication 
 
Authorized Study Personnel 
Principal Investigator:​ Ann Briggs                          Office: (402) 472-5355 
Secondary Investigator​: Mark Burbach, Ph.D.        Office (402) 472-8210 
  
Key Information:   
If you agree to participate in this study, the project will involve: 
·       Males and females over the age of majority.  In Nebraska and Alabama, participants must be 19 years 
of age or older.  In Mississippi, participants must be 21 years of age or older.  In all other states, 
participants must be 18 years of age or older. 
·       Procedures will include reading four paragraphs and assessing the quality of the persuasive 
communication 
·       There are no known risks associated with this study 
·       You will be paid $1.00 for your participation 
·       You can print a copy of this consent form for your records 
Invitation 
You are invited to take part in this research study. The information in this form is meant to help you decide 
whether or not to participate. 
Why are you being asked to be in this research study? 
You are being asked to be in this study because you are an MTurk worker who lives in the United States 
and reads English. You must be the age of majority in your state to participate.  
What is the reason for doing this research study? 
The purpose of this study is to test a method of improving written science communication.  The messages 
analyzed in this study come from scientists, researchers, and resource professionals and were written to 
address a question from the general public.  
  
What will be done during this research study? 
You will be asked to read four messages and rate the quality of the persuasive communication.  This survey 
is expected to take 20 minutes to complete and you may complete it from your personal computer or mobile 
phone. 
How will my data be used? 
The findings of this study will be published in a scientific journal.  Sometimes when studies are published, 
the researchers are asked to release data to make sure that data was analyzed correctly.  If we are asked to 
do this, any personal information that could identify you will be removed before the data is shared. 
  
What are the possible risks of being in this research study? 
There are no known risks to you from being in this research study.  
What are the possible benefits to 
you?                                                                                                                      
You are not expected to get any benefit from being in this study. 
What are the possible benefits to other people? 
The benefits to science and/or society may include a better understanding of the communication process 
between scientists and the general public, allowing scientists to improve their communication in the future. 
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What will being in this research study cost you? 
There is no cost to you to be in this research study.                     
Will you be compensated for being in this research study? 
You will receive $1.00 for your participation in this study. 
What should you do if you have a problem during this research study?  
Your welfare is the major concern of every member of the research team. If you have a problem as a direct 
result of being in this study, you should immediately contact one of the people listed at the beginning of 
this consent form. 
How will information about you be protected? ​  
This study will involve the collection of private information (name, dates, etc.).  Your information could be 
used or distributed to another researcher for future studies without an additional informed consent from 
you.  Identifiers (names, dates, etc.) will be removed prior to being distributed.  Reasonable steps will be 
taken to protect your privacy and the confidentiality of your study data.  The data will not be identifiable to 
you and will be stored electronically through a secure server and will only be seen by the research team 
during the study.   The only persons who will have access to your research records are the study personnel, 
the Institutional Review Board (IRB), and any other person, agency, or sponsor as required by law. The 
information from this study may be published in scientific journals or presented at scientific meetings but 
the data will be reported as group or summarized data and your identity will be kept strictly confidential. 
What are your rights as a research subject? 
You may ask any questions concerning this research and have those questions answered before agreeing to 
participate in or during the study. 
  
For study-related questions, please contact the investigator(s) listed at the beginning of this form. 
For questions concerning your rights or complaints about the research contact the Institutional Review 
Board (IRB): 
· Phone: 1(402)472-6965 
· Email: irb@unl.edu 
  
What will happen if you decide not to be in this research study or decide to stop participating once 
you start? 
  
You can decide not to be in this research study, or you can stop being in this research study (“withdraw’) at 
any time before, during, or after the research begins for any reason. Deciding not to be in this research 
study or deciding to withdraw will not affect your relationship with the investigator or with the University 
of Nebraska-Lincoln (list others as applicable). 
You will not lose any benefits to which you are entitled. 
 
Documentation of informed consent 
  
You are voluntarily making a decision whether or not to be in this research study. Clicking the button 
below means that you have read and understood this consent form and you have decided to be in the 
research study.   
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Appendix C – Questionnaire 
Thank you for participating in our survey!  Before we begin, we would like you to 
complete the following assessment of pre-existing values on environmental issues. 
Assessment of pre-existing values on environmental issues using the following scale 
No Support Fully Support 
1 2 3 4  
 
Building new infrastructure for urban flood management. 
Voluntary urban water conservation practices. 
Taking action to reduce water pollution from industrial sites. 
Taking action to address groundwater quality as a result of agricultural practices. 
Practices that increase stream flow. 
Using sustainable transportation (public transportation, carpooling, biking). 
Buying locally produced products and food. 
Recycling household materials and using less plastic. 
Buying ethically made clothing. 
Switching to renewable energy sources. 
 
The following hypothetical email was sent by a concerned citizen in a community 
facing (insert challenge here, unique for each question). 
To whom it may concern. 
I recently saw on the news that our community is (building new infrastructure for urban 
flood management, taking action to address groundwater quality as a result of agricultural 
practices, or taking action to increase stream flow).  This is an issue I know little about 
and was wondering if you could explain why this problem is important and why our 
community will be addressing it? 
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This hypothetical email was answered in the following paragraph by a member of a 
water leader’s training academy through a session on science communication. 
Please read the following paragraph and answer the questions below. 
 
Argument Quality:  
AQl. How informative was the information provided? 
Not at all informative Somewhat informative Informative Very 
informative 
1 2 3 4 
AQ2. How helpful was the information provided?  
Not at all helpful Somewhat helpful Helpful Very helpful 
1 2 3 4 
AQ3. How valuable was the information provided?  
Not at all valuable Somewhat valuable Valuable Very valuable 
1 2 3 4 
AQ4. How persuasive was the information provided? 
Not at all persuasive Somewhat persuasive Persuasive Very 
Persuasive 
1 2 3 4 
 
Source Credibility:  
SC 1. How knowledgeable does the person writing the argument appear? 
Not at all knowledgeable Somewhat knowledgeable Knowledgeable Very 
Knowledgeable 
1 2 3 4 
SC2. How trustworthy does the person writing the argument appear? 
Not at all trustworthy Somewhat trustworthy Trustworthy Very 
trustworthy 
1 2 3 4 
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SC3. How credible does the person writing the argument appear? 
Not at all credible Somewhat credible Credible Very credible 
1 2 3 4 
SC4. How much of an expert does the person writing the argument appear? 
Not at all expert Somewhat expert Expert Very expert 
1 2 3 4 
 
Factual Message 
FM1. To the best of your knowledge, how accurate is the information presented? 
Not at all accurate Somewhat accurate Accurate Very 
accurate 
1 2 3 4 
FM2. To the best of your knowledge, how credible is the information presented? 
Not at all credible Somewhat credible Credible Very credible 
1 2 3 4 
FM3. To the best of your knowledge, how valid is the information presented? 
Not at all valid Somewhat valid Valid Very valid 
1 2 3 4 
 
Relatable Message  
RM1. How relatable is the information presented in the message? 
Not at all relatable Somewhat relatable Relatable Very 
relatable 
1 2 3 4 
RM2. How much do you personally identify with the information contained in the 
message? 
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Not at all identify Somewhat identify Identify Strongly 
identify 
1 2 3 4 
RM3. How much do you personally connect with the ideas conveyed in the message? 
Not at all connected Somewhat connected Connected Very 
connected 
1 2 3 4 
 
Self Referencing 
SR1.  How much did this message make you reflect on yourself and your experiences? 
Not at all reflective         Somewhat reflective Reflective Very 
reflective 
1 2 3 4 
SR2.  How much did this message make you reflect on your own community? 
Not at all reflective         Somewhat reflective Reflective Very 
reflective 
1 2 3 4 
 
Compelling Argument 
CA1. How compelling was the information provided? 
Not at all compelling Somewhat compelling Compelling Very 
compelling 
1 2 3 4 
CA2. How convincing was the information provided? 
Not at all convincing Somewhat convincing Convincing Very 
convincing 
1 2 3 4 
CA3. How engaging was the information provided? 
Not at all engaging Somewhat engaging Engaging Very 
engaging 
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1 2 3 4 
 
Use the following scale: 
Low High 
1 2 3 4  
Number of arguments included in the message 
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Appendix E - Training Session Notes
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